Background {#Sec1}
==========

In this modern developing society, the total number of people undergoing eye surgery is gradually increasing \[[@CR1]\]. Agarwal's et al. recent study based on current and effective features of femtosecond laser-assisted cataract surgery (FLACS) showed that surgeons might now be more confident and patients might be more satisfied with FLACS, but however, a few studies showed that this surgery was not a better option when compared to the manual phacoemulsification in terms of outcomes and complications \[[@CR2]\]. Several studies aimed to demonstrate which procedure might come out on top but different opinions were noted \[[@CR3]\].

In the large, multi-centered European Registry of Quality Outcomes for Cataract and Refractive Surgery (EUREQUO) study, intraoperative complications for FLACS (0.7%) were similar in comparison to the manual phacoemulsification surgery (0.4%) \[[@CR4]\].This same study showed postoperative complications to also have been lower with conventional phacoemulsification (3.4% for FLACS versus 2.3% for phacoemulsification). However, better outcomes were still expected with this new FLACS.

Currently, we aimed to systematically compare the intra/post-operative complications which were associated with FLACS versus the conventional phacoemulsification surgery (CPE).

Methods {#Sec2}
=======

Search databases {#Sec3}
----------------

Commonly used search databases, specifically MEDLINE, Cochrane Central, EMBASE, and <http://www.clinicaltrials.gov> were carefully searched for English publications comparing FLACS versus CPE. Reference lists of several relevant publications were also carefully reviewed.

Search strategies {#Sec4}
-----------------

The search terms which were used were limited to the following:Femtosecond laser-assisted cataract surgery and conventional phacoemulsification surgery;Femtosecond laser-assisted cataract surgery and phacoemulsification surgery;Femtosecond laser-assisted cataract surgery and complications;Femtosecond laser-assisted cataract surgery and post-operative complications;Conventional phacoemulsification surgery and complications;Conventional phacoemulsification surgery and post-operative complications;Conventional phacoemulsification surgery and intra-operative complications;Cataract surgeries and post-operative complications;Femtosecond laser-assisted cataract and phacoemulsification post-operative complications.

No abbreviation or other short term was used during this search process.

Inclusion and exclusion criteria {#Sec5}
--------------------------------

Studies were considered relevant if they compared the complications (intra/peri/post-operative) associated with FLACS versus CPE.

Studies were excluded if:They were meta-analyses, systematic reviews, literature reviews and letters of correspondence;They did not report peri/intra or post-operative complications associated with FLACS versus CPE;They did not report relevant data which could be used in this analysis;They were duplicated studies that repeated in several search databases.

Endpoints which were assessed {#Sec6}
-----------------------------

The endpoints which were reported in each study have been listed in Table [1](#Tab1){ref-type="table"}.Table 1Outcomes which were reportedStudies (quality assessment by NOS)Outcomes reportedType of complicationAbell2015 (\*\*\*\*\*\*) \[[@CR5]\]Incomplete capsulotomy, anterior capsulotomy tag, anterior capsule tear, posterior capsule tear, corneal haze, unstable pupil, iris hooks/malyugin ringIntra-operativeConrad-Hengerer2013 (\*\*\*\*\*\*) \[[@CR6]\]Anterior capsule tear, macular edema, elevated intra-ocular pressureIntra-operative, post-operativeEwe2015 (\*\*\*\*\*\*) \[[@CR7]\]Incomplete capsulotomy, anterior capsulotomy tag, anterior capsule tear, posterior capsule tear, corneal haze, corneal epithelial defects, descemet's membrane trauma, zonular dialysis, mean uncorrected visual acuity, macular edema, ocular hypertension, corneal edemaPeri-operativeLi2018 (\*\*\*\*\*) \[[@CR8]\]Miosis, descemet's membrane local detachment, posterior capsular opacification, corneal edema, anterior chamber flareIntra-operative and post-operativeMastropasqua2014 (\*\*\*\*\*\*) \[[@CR9]\]Descemet's membrane detachment, endothelial gaping, epithelial gaping, endothelial misalignment, epithelial misalignmentPost-operativeOakley2016 (\*\*\*\*\*) \[[@CR10]\]Uncorrected visual acuityPost-operativeRoberts2018 (\*\*\*\*\*\*) \[[@CR11]\]Anterior capsule tear, descemet membrane tear, iris trauma, residual soft lens matter, posterior capsule tear, vitreous loss, zonular dialysis, corneal edemaIntra-operativeTitiyal2016 (\*\*\*\*\*) \[[@CR12]\]Vitreous loss, posterior capsular rent, incomplete capsulotomyPost-operativeAbbreviations: *NOS* Newcastle Ottawa ScaleFor quality assessment by the Newcastle Ottawa Scale (NOS), a score is given in terms of stars ranging from a minimum of 1 star (\*) to a maximum of 9 stars (\*\*\*\*\*\*\*\*\*) based on the quality of the study

The selected endpoints which were assessed included:Incomplete capsulotomy;Anterior capsulotomy tag;Anterior capsule tear;Posterior capsule tear;Descemet's membrane impairment;Zonular dialysis;Vitreous loss;Macular or corneal edema;Elevated intra-ocular pressure .

Data extraction and quality assessment {#Sec7}
--------------------------------------

Relevant data were carefully extracted by six independent reviewers. Data included the complications which were assessed with the corresponding number of events, the type of study (randomized or non-randomized prospective), the total number of participants which were assigned to the FLACS and CPE, and the methodological quality of the studies.

The methodological quality of each study was assessed using the Newcastle Ottawa Scale (NOS) \[[@CR13]\]. A maximum score of 9 stars was allotted. Scores allotted were based on the quality of the study. The scores have been listed in Table [1](#Tab1){ref-type="table"}.

Statistical analysis {#Sec8}
--------------------

The statistical analysis in this research paper was carried out by the latest version of the RevMan software (version 5.3). Risk ratios (RR) with 95% confidence intervals (CI) were used to represent the data following statistical analysis.

During this analysis, heterogeneity was assessed first of all by the Q statistic test whereby a subgroup analytical result with a *P* value less or equal to 0.05 was considered as statistically significant and a result with a P value greater than 0.05 was considered statistically insignificant.

In addition, heterogeneity was also assessed by the I^2^ test. In this case, the lower the I^2^ value, the lower the heterogeneity, and in contrast, heterogeneity increased with an increasing I^2^ value.

A fixed statistical effect model was used if the I^2^ value was less than 50% or else, a random statistical effect model was used.

Sensitivity analysis was also carried out following the statistical analysis to observe for any significant change and any particular influence of any specific study on the final results.

In addition, publication bias was assessed through visual observation of the funnel plots.

Ethical approval {#Sec9}
----------------

This analysis did not involve research with human or animal participants carried out by any of the authors. Hence, an ethical approval was not required for this study.

Results {#Sec10}
=======

Search outcomes {#Sec11}
---------------

A total number of 544 studies were obtained from search databases (PRISMA guideline) \[[@CR14]\]. A preliminary assessment was carried out where 486 studies were eliminated on a one-time assessment due to irrelevance.

Fifty-eight (58) full-text articles were carefully assessed for eligibility.

Further eliminations were carried out based on the following reasons:Meta-analyses (1);Studies that did not report intra or post-operative complications (6);Studies involving data that were not suitable for this research (8);Studies whereby a control group was absent (5);Duplicated studies since they repeated themselves in several different search databases (30).

Finally, 8 prospective studies (randomized and non-randomized) \[[@CR5]--[@CR12]\] were selected to be included in this analysis as shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flow diagram showing the study selection

General and baseline properties of the studies {#Sec12}
----------------------------------------------

The general properties of the studies have been listed in Table [2](#Tab2){ref-type="table"}.Table 2General properties of the studiesStudiesTotal no of participants undergoing FLACS (n)Total no of participants undergoing CPE (n)Time period of patients' enrollment (years)Type of studyAbell2015 \[[@CR5]\]185222282012--2013NR prospectiveConrad-Hengerer2013 \[[@CR6]\]7373-Randomized prospectiveEwe2015 \[[@CR7]\]9888882012--2014NR prospectiveLi2018 \[[@CR8]\]48482016--2017Randomized prospectiveMastropasqua2014 \[[@CR9]\]3030-Randomized prospectiveOakley2016 \[[@CR10]\]323952012--2014NR prospectiveRoberts2018 \[[@CR11]\]200200-Randomized prospectiveTitiyal2016 \[[@CR12]\]4040-NR prospectiveTotal no (n)35543602-Abbreviations: *FLACS* femtosecond laser-assisted cataract surgery, *CPE* conventional phacoemulsification surgery, *NR* non-randomized

A total number of 7156 participants were included in this analysis. Three thousand five hundred and fifty four (3554) participants were assigned to the FLACS group whereas 3602 participants were assigned to the CPE group as shown in Table [2](#Tab2){ref-type="table"}. The participants were enrolled from the years 2012 to 2017. The studies were either randomized or non-randomized prospective studies.

Main results {#Sec13}
------------

Following the statistical analysis, the risks for incomplete capsulotomy, anterior capsulotomy tag, and anterior capsular tear were significantly higher with FLACS (RR: 22.42, 95% CI: 4.53--110.82; *P* = 0.0001), (RR: 33.07, 95% CI: 6.53--167.56; P = 0.0001) and (RR: 4.74, 95% CI: 2.59--8.68; *P* = 0.00001) respectively as shown in Fig. [2](#Fig2){ref-type="fig"}. The risks for macular/corneal edema (RR: 2.05, 95% CI: 1.18--3.55; *P* = 0.01) and elevated intra-ocular pressure (RR: 3.24, 95% CI: 1.55--6.78; *P* = 0.002) were also significantly higher with FLACS.Fig. 2Intra/post-operative complications associated with femtosecond laser assisted cataract surgery versus conventional phacoemulsification surgery (part I)

However, impaired descemet's membrane (RR: 0.95, 95% CI: 0.61--1.47; *P* = 0.80), zonular dialysis (RR: 0.40, 95% CI: 0.06--2.72; *P* = 0.35) and vitreous loss (RR: 0.09, 95% CI: 0.01--1.63; *P* = 0.10) were not significantly different as shown in Fig. [2](#Fig2){ref-type="fig"}.

The risk for posterior capsular tear (RR: 1.45, 95% CI: 0.23--9.16; *P* = 0.69) was also similar as demonstrated in Fig. [3](#Fig3){ref-type="fig"}.Fig. 3Intra/post-operative complications associated with femtosecond laser assisted cataract surgery versus conventional phacoemulsification surgery (part II)

Sensitivity analysis was also carried out. Consistent results were obtained throughout with the exception of subgroup assessing for 'posterior capsular tear'. When study Roberts2018 was excluded and another analysis was carried out, the risk for posterior capsular tear (RR: 3.34, 95% CI: 1.32--8.47; *P* = 0.01) was significantly higher with FLACS. In addition, when study Ewe2015 was excluded, the risk for macular/corneal edema (RR: 1.43, 95% CI: 0.76--2.67; *P* = 0.26) was not significantly different.

The results have been listed in Table [3](#Tab3){ref-type="table"}.Table 3Results of this analysisComplications which were analyzedRR with 95% CI*P* valueI^2^ value (%)Incomplete capsulotomy22.42 \[4.53--110.82\]0.00010Anterior capsulotomy tag33.07 \[6.53--167.56\]0.00010Anterior capsule tear4.74 \[2.59--8.68\]0.0000145Descemet's membrane affected0.95 \[0.61--1.47\]0.8029Zonular dialysis0.40 \[0.06--2.72\]0.350Vitreous loss0.09 \[0.01--1.63\]0.100Macular or corneal edema2.05 \[1.18--3.55\]0.0124Elevated intra-ocular pressure3.24 \[1.55--6.78\]0.00237Posterior capsule tear1.45 \[0.23--9.16\]0.6971Abbreviations: *RR* risk ratios, *CI* confidence intervals

Low evidence of publication bias was observed as demonstrated by the funnel plot in Fig. [4](#Fig4){ref-type="fig"}.Fig. 4Funnel plot representing publication bias

Discussion {#Sec14}
==========

In this current analysis, we compared the intra and post-operative complications which were associated with FLACS versus CPE. The results showed no improvement in complications with the former. FLACS was associated with significantly higher risks of incomplete capsulotomy, anterior capsulotomy tag and anterior capsular tear. The risks for macular/corneal edema, and elevated intra-ocular pressure were also significantly higher with FLACS.

As previously mentioned in the introduction section, in the EUREQUO study \[[@CR2]\], intraoperative complications for FLACS (0.7%) were similar in comparison to the manual phacoemulsification surgery (0.4%). The same study showed postoperative complications to also be lower with CPE (3.4% for FLACS versus 2.3% for phacoemulsification) further supporting the results of this analysis.

In addition, another meta-analysis also showed posterior capsular tear to be significantly higher with FLACS in comparison to the manual phacoemulsification surgery again supporting the results of this current analysis \[[@CR15]\].

Even if this current analysis did not assess for astigmatism, a retrospective study showed astigmatic changes to be more common with FLACS \[[@CR16]\].

However, we should not forget the fact that complications such as vitreous loss might be reduced with FLACS \[[@CR17]\] and therefore, its complications should not be overestimated but instead, we should also pay attention to its beneficial features. Also, FLACS using the LenSx laser system might achieve better results in a real world setting \[[@CR18]\].

Even though the total number of participants undergoing cataract surgery was sufficient to reach a conclusion, the number of participants were distributed during the subgroup analyses, and hence, only less number of patients participated in each subgroup analysis. However, we could not improve this limitation since only a few original research articles were published on this particular topic. Because of this same reason, data from different randomized and non-randomized prospective studies were pooled together during analysis. There was no other choice or a very biased result with lack of strength would have been obtained. Also, due to a shortage of studies, we included one study comparing cystotome-assisted prechop phacoemulsification surgery versus CPE in this analysis. This might not affected the results to a large extent since the number of participants in the study was very less. Also, there was no specific follow-up time period post-operatively. All the studies which were included in this analysis did not involve the same follow-up time period.

Conclusions {#Sec15}
===========

This current results showed that FLACS did not improve intra/post-operative complications in comparison to CPE. Further larger studies should confirm this hypothesis.
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